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R804Convergent Evolution: Gene
Sharing by Eukaryotic Plant
Pathogens
Oomycetes and filamentous parasitic fungi are plant pathogens that
have undergone convergent evolution. A recent study has shown that
these microbial eukaryotes have exchanged metabolic genes, which
might explain some of their phenotypic similarities.Jan O. Andersson
There are many examples in nature
of the independent evolution of
similar phenotypic traits in
phylogenetically unrelated
lineages — a well known one being
the wings of birds, bats and bees,
the common ancestor of which was
unable to fly. Convergent
evolution also occurs in microbial
organisms. Different bacterial and
eukaryotic human parasites, for
example, have independently
adapted to a life inside a human
host [1].
For prokaryotes, the
co-occurrence of unrelated
organisms in the same physical
environment can lead to sharing of
genes via an evolutionary process
known as lateral gene transfer [2]
(Figure 1). This gene exchange
could be both the cause and
consequence of adaptation to
similar environments, and result in
extensive convergent evolution [3].
In this issue of Current Biology,
Richards et al. [4] report evidence
that gene sharing also occurs
between microbial eukaryotes and
argue that this might explain
apparent convergent evolution
between eukaryotic plant
pathogens (Figure 1).
The economically most
important eukaryotic plant
pathogens are found among the
oomycetes and the fungi — forexample, the Irish potato famine
was caused by the oomycete
Phytophthora infestans, and the
rice blast disease is caused by the
filamentous fungus Magnaporthe
grisea. Interestingly, because of
their fungus-like appearance,
oomycetes were previously
considered to belong to the fungi,
but evolutionary studies now place
them within Stramenopiles, as
a sister group to diatoms, one of
the dominant phytoplankton in the
ocean, while fungi form a sister
group to animals [5].
Despite this reclassification,
oomycetes obviously share a
number of phenotypic traits with
pathogenic fungi, such as
filamentous growth in the
vegetative stage, the ability to form
spores for both sexual and asexual
reproduction, and similar modes of
colonization of host plants. For
example, oomycetes produce
plant cell-wall degrading enzymes
that are very similar to their fungal
counterparts [6]. Thus, filamentous
pathogenic fungi and oomycetes
are an excellent example of
convergent evolution among
microbial eukaryotes. Richards
et al. [4] set out to see if they
could identify footprints of this
convergence left in the genomes
of the two groups.
Richards et al. [4] used the genes
identified in the genome project of
the parasitic fungus M. grisea [7] insimilarity searches against twenty
other genomes, representing the
diversity in the tree of life, including
mostly eukaryotic species with
several fungi and the oomycete
Phytophthora ramorum
represented. If the similarity score
was higher to the oomycete plant
pathogen sequence than to any of
the included fungal sequences,
they treated the gene as
a candidate for having undergone
lateral gene transfer. Phylogenetic
analyses were then performed for
eleven such cases.
Interestingly, eight oomycete
genes encoding enzymes with
putative functions related to the
utilization of rare metabolites were
found to be associated with fungi in
the phylogenetic analyses [4]. In
four cases, the oomycete genes
were nested, with strong statistical
support, within the group as
a sister clade to filamentous
pathogenic fungi, strongly
indicating that in the evolutionary
past the genes had undergone
transfer from fungi to oomyces.
The acquisition of these genes by
oomycetes likely provided
a metabolic advantage which
helped them to adapt to an
osmotrophic lifestyle which might
have facilitated a lifestyle allowing
colonization of plants; the
evolution of pathogenicity is
usually coupled with changes in the
gene inventory [1]. In any case,
these examples clearly illustrate
that genetic material can move
between different eukaryotic
kingdoms [4], which is
a remarkable finding. But was it
really unexpected?
There is a common
misconception that eukaryotes are
immune to lateral gene transfer.
Although the initial claims of
transfer of more than a hundred
genes from bacterial lineages to
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proven wrong [8], a large number of
acquisitions of prokaryotic genes
by microbial eukaryotes have been
detected [9–13] (Figure 1), while
examples of transfer of genes
between eukaryotes have been
scant [10]. But a special case of
eukaryote-to-eukaryote gene
transfer is believed to be
widespread in some eukaryotic
lineages; the endosymbiotic events
that gave rise to the secondary
plastids found in many algae were
coupled with frequent gene
transfers from the genomes of the
symbiont to the host [14]. The
chlorarachniophyte alga
Bigelowiella natans, which
contains a secondary-plastid of
green algal origin, is an example of
such a system [15]. Phylogenetic
analyses of plastid-targeted
B. natans proteins showed that
most of the genes are of
green-algal origin, as expected;
a dozen genes, however, look more
likely to be eukaryotic non-green
algal origin, suggestive of gene
transfer from these sources [15].
Studies of the evolutionary
history of the elongation factor 1a
(EF-1a) in diverse eukaryotic
species have also hinted at
a significant role for intra-domain
gene transfer in eukaryotic genome
evolution [16]. Many eukaryotes
lack the gene for EF-1a and,
interestingly, these lineages turn
out to encode a functionally related
EF-like protein, strongly
suggesting that EF-1a, a major
translation factor, has been
replaced by an evolutionary distinct
protein multiple times throughout
eukaryote evolution [16].
So apparent examples of gene
exchange between microbial
eukaryotes have been reported
previously, but, arguably, none of
these is as clear-cut as the fungi-
to-oomycete transfers reported by
Richards et al. [4]. But how frequent
are these transfers? In fact, the
number of false negatives could be
considerable because similarity
searches, which are poor
indicators of phylogenetic
relationships [17], were used in the
initial screening [4]. Furthermore,
oomycetes could certainly acquire
genes from eukaryotic sources
other than parasitic fungi; the
number of oomycete genesBacteriaArchaea
Eukaryotes
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Figure 1. Gene sharing
within and between the
three domains of life.
Lateral gene transfer is
thought to have played a
major part in the genome
evolution of Bacteria and
Archaea, and genes are
shared both within and be-
tween the two domains
(grey arrows) [2,3]. Eukary-
otic organisms were
thought to be resistant to
this evolutionary process,
but numerous prokaryote-
to-eukaryote gene transfers
have been demonstrated in
the last few years (orange
arrows) [9–13]. In this issue
of Current Biology [4], evi-
dence is reported that eu-
karyotic organisms also
exchange genes via lateral
gene transfer (red arrow).acquired from eukaryotic lineages
could indeed be much larger than
the half dozen identified [4].
The reason why there have
been few reports of
eukaryote-to-eukaryote gene
transfers likely is that a dense taxon
sampling is needed to identify
donor and recipient lineages for
transfer events [10]. Fungi are
unique among microbial
eukaryotes in that genome data are
available from many diverse fungal
lineages, making detailed
comparative genomics studies,
such as the one by Richards et al.
[4], possible. Still, only a few cases
of gene transfer affecting fungi
have been reported [10,18], while
acquisition of prokaryotic genes
appears to be frequent in
phagotrophic eukaryotes [10].
Interestingly, phagotrophic
feeding has been suggested to be
a major mode of incorporation of
foreign genes into microbial
eukaryotes [19], while the
mechanism for incorporation of
foreign genes into osmotrophic
eukaryotes, such as fungi and
oomycetes, is less clear (Richard
et al. [4] speculate that
retrotranposons, viral
transduction, or anastomosis of
mycelia could have facilitated
transfer of genetic material
between fungi and oomycetes). If
gene transfer really is infrequent in
the evolution of fungi, compared tophagotrophic eukaryotes [10], then
the new results [4] might suggest
that intra-domain gene transfer to
phagotrophs could be common.
The previously observed
transfers between microbial
eukaryotes often involve an initial
acquisition from a prokaryote,
followed by an intra-domain
transfer [13,20]. Interestingly, the
genes that were acquired by
oomycetes had first likely been
acquired by fungi from bacteria [4].
This makes sense from a molecular
biology perspective; a eukaryotic
gene should have a much higher
probability to be functional after
incorporation into a eukaryotic
genome, than a prokaryotic gene.
It might well be that some of the
reported prokaryote-to-eukaryote
transfers [9–13] are actually
undetected intra-domain
gene transfers. If so,
eukaryote-to-eukaryote transfers
will be identified more frequently
once we have denser taxon
sampling of eukaryotic groups
other than fungi. Convergent
evolution via gene exchange is
probably not unique to oomycetes
and fungi among eukaryotes.
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Biologists have long been
fascinated with systems exhibiting
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or genotypic variation, such as
immune system genes, host–
pathogen systems [1] and color
polymorphisms [2,3]. This
fascination stems from a classic
evolutionary paradox: directional
and stabilizing selection are
common [4] and should decrease
variation and thus preclude high
diversity within populations [5,6].
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selection that can maintain
variation — frequency-dependent
selection favoring rare variants [7].
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populations, with rarer male
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survival. These new findings
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in male color within a classic
research system, Trinidadian
guppies, and suggest that
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might play a role in solving the
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variation.
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increases with the relative
frequency of the prey type [2,3,10].
Such a process may occur, for
example, if predators form a
search image for common prey
thereby decreasing the risk of
rare prey [11]. During such
frequency-dependent predation,
being rare does not necessarily
equate to standing out in the
crowd.
Guppies are a model system
in ecology and evolutionary
biology, and they exhibit
particularly variable male
color-patterns [12–14]. These
color-patterns are subject to
opposing patterns of directional
natural and sexual selection; bright
males exhibit mating advantages
but are subject to greater predation
risk [12–14]. Although there is
previous evidence for a rare-male
mating advantage [14], the
possibility of a rare-male survival
advantage remained untested until
a recent study by Olendorf et al. [8].
The authors manipulated the
frequency of guppy morphs in
replicate streams, such that one
morph was rare in some replicates
(at a ratio of 1:3) but common in
